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Introduction
In recent years, hybrid inorganic/polymer photovoltaic devices (HPV s) have been broadly studied because of their fundamental research interest and application potential. The concept of HPV s is a combination of organic materials (p-type polymers) and inorganic ones (n-type nanostructured tnetal oxides) [1, 2] . Many inorganic materials such as Ti02 [3] , Zn0 [2, 4] , Si [5, 6] and so on, have been selected as an electron acceptor in HPV s. Among these inorganic tnaterials, vertically-aligned ZnO nanorods show good potential for an application in HPV s and other electronic devices because of their low tetnperature processability [7, 8] and high carrier mobilities with a direct electron pathway to the electrode [9, 10] .
However, when an HPV is fabricated by pairing the most widely used p-type donor, poly(3-hexylthiophene) (P3HT) with the ZnO nanorods, measured power conversion efficiencies (PCEs) are 30 quite low in comparison to conventional organic photovoltaic devices (OPVs) [11, 12] . In our previous 31 32 33   34  35  36  37  38  39   40   41   42   43  44  45  46 report [2] , we reported an approach to improve the photovoltaic performance of HPV by surface tnodification with organic dye molecules with different functional group and absorption range. It was found clearly that the improvement in short circuit current density ( Jse) corresponds to the extension of the absorption range of the devices when squaraine dyes, which absorb light in the near infrared region, However, the selected dyes have different functional group and molecular size, which may affect the !foe and fill factor ( F F) of the devices [ 15] . In this work, self-assetnble mono layers (SAMs) are used as the interface modifier for the ZnO nanorods since their dipole mmnent can change the surface potential of the adsorbing surface [16, 17] . Benzoic acid based molecules with different para groups effects of the solvent for SAMs modification are investigated to study the adsorption tnechanism on ZnO and the relationship to the photovoltaic performances. 13 2. Experimental section 14 15 16 17 . The ZnO nanorods were synthesized by the tnethod described in previously reported procedures 18 [2] . Dense ZnO layers, serving as seed for the ZnO nanorods, were prepared by spin coating a 1: 1 19 hexahydrate and hexamethylenetetramine at 90°C. The resulting length of the nanorods is approximately 240 mn. Then, the substrates were carefully rinsed with distilled water and annealed at 150°C for 10 min. In order to find the effect of dipole moment on the photovoltaic performance, the ,u of the benzoic acid based 1nolecules were calculated using semi-empirical models from the HyperChetn software. The orientations of the molecules used for calculating ,u are in such a way that the C2 axis of the carboxylate is parallel to the Z-axis, while the ZnO surface plane is parallel to the X-and y-axes. This is because interface molecules generally attach to metal oxide or tnetal surfaces by their carboxylic or carboxylate group [18, 19] . After the adsorption of SAMs on the ZnO surface, the magnitude of dipole mmnent may change since the carboxylic group lessens in its electron-52 withdrawing property. However this change is not significant [14] . the ZnO surface, resulting in the downward shift of the vacuum level of the ZnO semiconductor (passing from ZnO to P3HT) and greater band bending at the Zn0/P3HT interface [13, 14] . The highest improvement in lloc of the devices is obtained from the device modified with ABA in aqueous solution.
The Voc of the ABA device increases from 0.39 V for the unmodified device to 0.41 V and 0.46 V for 57 the devices using ethanol and water as solvent, respectively. 
where J 0 is reverse saturation current density, n is ideality factor, q is the elementary charge, k is The reduction of J 0 would increase the Voc of the device which is described by the equation !foe = For the effect of solvent on the photovoltaic perfonnances, the absorbance and photoluminescence of ABA in ethanol and aqueous solution at various concentrations were measured and the resulting spectra are shown in 7. When the concentration of the solution increases, the red shift, which was found only in the case of aqueous solution was observed. This indicates that there is an aggregate formation of the molecules in the solution state. This maybe attributed to a high polarity of water, which prefers to interact with a carboxylic group than the benzene ring of the interface modifier molecules. Since an interaction among benzene rings of the benzoic based molecules is not disturbed by the existence of water 1nolecules, allowing the molecules to form the aggregate. the shift of the absorbance peak and photoluminescence peak was not found in the case of ethanol solution This is because a non-polar part of ethanol may interact with the benzene ring of the SAM molecules, blocking the aggregate formation.
When the molecules are adsorbed onto the ZnO surface, the interaction mnong the molecules may weaken due to the strong interaction between ZnO and their carboxylic group.
the orientation of SAMs prepared from aqueous solution 1nay have a higher level of ordering on the 4 2 ZnO surface than one prepared from ethanol solution because of the aggregation in the solution state. and serves as the interface impurity. Similarly, the molecules of water can also coordinate to the Zn atoms, forming Zn(OH 2 )n, HH-'U<:;.H. the Zn(OH 2 )n is a native surface impurity of ZnO nanorods prepared from hydrothennal method [ 4, 22] .
The orientation of SAMs and the presence of the surface impurity affect the charge generation and charge harvesting properties of the devices as confirmed by an incident photon to current efficiency (I PC E) measurement
In comparison to the unmodified device, the device prepared from aqueous solution shows the enhancement in I PC E spectra in both UV and visible region, s which relate to the photo-generated charge carrier of ZnO and P3HT, respectively [2, 23] . However, 
Conclusions
In conclusion, an approach for the ilnprovement of photovoltaic performance of hybrid solar cells based on ZnO nanorods and P3HT by 1nodification of SAMs was presented. ABA-modified device prepared from aqueous solution gave the best PCE of about 0.53%. The improved performance of ABA-modified devices was mainly attributed to the dipole mmnent which points away from the Comparison of I PC E spectra of the devices with unmodified (black) and SAMs-modified ZnO nanorods prepared fom ethanol (red) and water (blue) solution. 
